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SUNNY

Spatial abiliVy Is one of several cognitive/perceptuil abilities that have been linked to
flying perfomnce. To examine the relationship between spatlal Wbt114y and flight training
performairce. 1.939 Unitto States Air Force pilot candidates were given a Mental Rotation Test
prior to entry Into Unoergraduate Pilot Training (UPT). Contrary to common notions about this
test, performance on this task was not affected by the type of paired images (sam or mirror) or
angular difearence between the images. Performance on the Mental Rotation Test was not related
to pass/fail measures from UPT, but was related to a recomendation for post-UPT training. Pilot
candidates who mde quick, consistent and accurate test responses were more likely to be
recomended for fast-Jet training (Fighter-Attack-Reconnaissance or FAR). This was consistent
with the current practice of selecting the best-performing student pilots for follow-on training
in FAR aircraft. Implications for pilot selection and classification are discussed.
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PREFACE

This work was completed under Work Unit 77191846 in support of a Request for
Personnel Research (APR 74-11, Selection for Pilot Training) submitted by training
program anagwrs. This paper is intended to serve as an intarim report regarding one of
the cognitive/perceptual tests of the Basic Attributes Tests (BAT) battery.
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SPATIAL ABILITY AS A PREDICTOR OF FLIGHT

TRAINING PERFORMANCE

I* IUTRlUC7ION

Spatial ability is required to a great extent in performance of a variety of tasks, including
many military enlisted jobs (Carter A Riersner, 1962) and piloting aircraft (Egan, 1978;
Leshovitz. Parkinson, & Waig, 1974). This paper examines the relationrhip betwen performance on
the Mental Rotation '.'$at, a spatial ability task developed by Shepard and MeUler (1971), and
flight training performeace for United States Air Force (USAF) Undergraduate Pilot Training (UPT)
candidates.

Lohman (1979) sugg2sted that It may be useful to distinguish among three aspects of spatial
ability: (a) moving the 'mind's eye' to a new perspective, (b) rotation and related
transformation of mental images (spatial tran'sformation or sprtial relations), and (c) complex
alteration of the object in the mind's ee Jfolding or distortion of the image). The Mental
Rotation Test is designed to miasare the se.ond type of spatial ability; that is, spatial
transformation. This aspect of spatial 4tility has been singled out for study most often by
cognitive psychologists because it has a simple theoretical basis (Cooper A Shepard, 1378) and
because general spatial ability Is closely related to the ability to rotate mental twges
(Poltrock A Brown, 1962).

This paper examines whether spatial abtity as measured by the Mental Rotation Test is
related to performance in flight training. Currently, most candidates for flight training in the
USAF are selected, in part, based on their composite scores on the Air Force Officer Qualifying
Test (AFOQT). The AFOQT ha3 five subscales: Quantitative, Verbal, Academic (quantitative and
verbal combined), Navigator-Technical, and Pilot. The AFOQT-pilot composite score is the one
most closely relatcd to perfoemance during pilot training and is used in the selection of pilot
candidates. The AFOQT-pilot composite score is determined from scores on several subtests,
including verbal analogies, mechanical and instrumwnt comprehension, scale and table reading.
electrical maze, block counting, and aviation Information.

The predictive utility of performance on the Mental Rotation Test in regard to flight
training performance was examined when used alone and wen usod in combination with current
selection criteria (AFOQT-pilot composite score).

Subjects who were high in spatial ability were expected to perform better on rhe flying
performance criteria; i.e., subjects with quick-" reaction times and higher degrees of accuracy
should be more likely to be successful in flight training. Further, thesD differences should ba
better reflected in flying performance scores, which have a broader range than dichotomous final
outcome criteria (e.g., UPT pass/fail). The fact that the UPT pass/fil rate is unevenly
distributed (801 pass rate) also makes that criterion less sensitive.

Subjects

The subjects in this study were 1,939 USAF officer candidates targeted for UPT. They were
tested on the Mental Rotation Test along with other tests in an experfmantal
computer-administered test battery (the 8asic Attributes Tests or SAT) prior to entry into UPT.
Only subjects that had scores on both the Mental Rotation Tist and the AFOQT were Included in the
regression analyses that predicted flight training performance (UPT pass/fail, N - 526;
recommendation for follow-on training by the Advanced Training Recommendation Board (ATRB), N -
412; check flight scores, N - 133 [see below]).



Subjects were presented seuntially (Interstimlus Interval * 1.5 soMs) with pairs of

letters and asked to make speaet se-diffetrnt Judemts., The letter p•rs were either
Identical letters or mirror images, and the letters were either In the sa orientation or

rotated in sae relative to each other. The second letter was oriented at on of four rotations

relative to the first: 0, 60, 120, or 10 degrees. The stimulus pairs were presented to the
subject on a cathode-ray tube (CRT). The subject was s•ated about 2 feet from the display and
entered a response on a date entry k••d. The subject was Instructed to press a button marked

"yes It the two stimuli were identical or another marked Onoo If they were not (i.e., mirr

image). There ware three blocks of trials, with 24 trials each. The time required to colete

this test was about 20 minutes.

In order to perform the experimental task, the subject had to form a mental image of the
first letter and perform a point-by-point comparison with the second. Further, when the letters
were rotated with respect to one another, the subject hao to mentally rotate the mental image
into congruence with the second letter before making the comparison. Reaction time and accuracy
of response were recorded on each trial.

According to Shepard and his colleagues (Cooper & Shepard, 1973; Metzler A Shepard, 1974;

Shepard, 1975), the munt of time required to decide whettr the two letters are identical or

mirror images is a linear function of the number of Gegrees of rotation required to bring the

letters into congruence. The slope of this linear function is considered to indicate the speed
Wth which the subject performs the mental rotation, ano the intercept indicates the spe•d with
wich the other processes involved in making a response are performed.

Performance Criteria

The JPT final outcome was assigned at the completion of UPT and was recorded as a dichotomous

variable (pass a I and fail a 0). Upon completion of UPT, those students who passed raceived a
follow-on training recommendation for either a fast-jet (Fighter-Attack-Reconnaissance or FAR) or

a slower aircraft (Tanker-Transport4-•or or TTh) by an ATRM (FAR a I and TTg - 0). Generally.

FAR iircraft are consideral to be mere dmanding than TTV aircraft, and better students receive a
FAR r*commandation. UPT final outcome and ATR recommendation were determine, in part, by a

student's performance on six check flights during UPT. A check flight involved an in-flight
performance fivaluatton by an Instrutor Pilot. Th first thre check flights took place in a

T-37, a low-porformance jet trainer. Three later flights tooa place in a T-38, r
high-performance supersonic Jet trainer. The T-37 check flights included: Mid-Phase Contact, a

student's first check flight; Contact, in which the student's ability to perform maneuvers ana

aerobatics by visual cues from outside the plane was evaluated; and Instrument, in thich the

student was required to perform maneuvers by reference to the display on cockpit instruments.

The T-38 check flights, in addition to Contact and Instrument, included evaluation of the

student's ability to fly in Formation with other aircraft. Each student received an overall q
check flight grade (1-unsatisfactory, 2-fair, 3-good, or 4-excellent) end a percentage grade

(based on performance of certain maneuvers within the flight) for each check flight that was

completed during training. The check flight percentage scores are not linear transformations of

the four-point check flight grades. The four-point check flight erade reflects the Instructor
Pilot's evaluation ol. a student compared to all other pilot candioates at the ma point in

training. In contrast, the percentage grade is a weighted average of the maneuver Serdes from a

check flight. Each maneuver grad. is multiplied by a weight determined by Air Training Command.

These wtighted products are suMMed, ano then divided by the maximum score possible (points

received/points possible). This quotient is multiplied by 100 to place the percentage score on a

100-point scale.

2
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Descriptive Measkres. Table 1 presents the percent correct and mean response time for
correct responses as a function of whether the letters were the same or mirror images and the
amount of angular difference betwee them. As can be seen from the table, each stimulus
condition was not presented an equal numer of times; thus, all composite means were weighted by

the nuer of trials per condition. The overall percent correct vas 91.it. This was

encouraging, as the comon procedure with tests of this type is to calculate response times using
only those trials with correct responses. Accuracy was slightly lower when the letters were the

same as opposed to mirror images (91.61 versus 92.15, respectively). Accuracy was not related
linearly to angular difference (0 degrees a 93.1S, 60 degrees a 92.41, 120 degrees @ 89.9%, 180
degrees a 93.05). These results are in direct contrast to those reported by Shepavd ani others
(Poltrock A Brown 1964; Shepard, 1975; Shepard a Metzler, 1971).

Table 1. Mental Rottiom Test: Percent Correct ad Response Time as a

Fuction of "nglar Siffrem and SaM-Otfferent Judgment

Stimulus Angular NRer Percent Response time (ma.)

condition difference (deore) of trials correct Mfa SO
Same 0 6 92.7 962 329

60 6 92.0 860 345
120 is 85.7 1.025 357
180 9 91.9 985 438

Different 0 6 93.5 947 405

(mirror) 60 6 92.8 1,042 360
120 1s 94.0 1,020 319

180 9 94.0 995 315

Note. Number of subjects = 1,939.

The mean response times for correct responses are presented in Table 1 and Figure 1 as a

function of same or different judgments and amount of angular difference. Type at image was not

related to response time (same - 977 mas, different - 1.007 rs; F(1,1937) - 0.60. n.s.). The

results of the analysis of variance for the mean response times are presented in Table 2.

Further, as demonstrated by Figure 1, there was a significant interaction between type of image

and angle of rotation, although this wes due entirely to the difference in response times for the
60-degree angle of rotation for sam and different judgment trials.

The correlation between response time and angle was low for both same (r - .001) and

different judgment trials (r - .054). These resi Its suggest that the model proposed by Metzler

4nd Shepard (1974) may not provide a good description of subject performance. That is, due to

the lack of a linear relationship b*tween angle of rotation and response time, it would have been

inappropriate to calculate linear regression slbpes and intercepts to represent the efficiency of

mental rotation and the latency of processes that do not depend on spatial orientation.

One possiole explanation for these v'esults is that the pilot candidates in the present effort

had a great deal of experience witn spatial abilities tasks. Many of them were natur,) ;cIence

or engineering majors in :ollege. Also, they had been selected for pilot training, in part,

based on performance on the AFOQT, which inciudes measures of spatial ability.

3
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Figure 1. Nutal Rotation Test: Nean Reapese 'lim as a Functin
of Angle of 11tatles and Sane-lffeimt J 1dg-met.

Table 2. enatal Rotation Test: Sumry of Analysis of Variance

W II

Source of variation Sue of squares OF NMen swre F
Type of Judgment 4.597 1 4.597 0.60
Error 1486420,000 1,937 7,642

Factor Structure. The most conceptually important measure provided by th'e Mental Rotation
Test was mean response time for correct responses. A factor analysis was performed on the means
for the eight cominations of angle of rotation (0, 60. 120. or 160 degrees) by type of Judgment
(sane or different) in order to evaluate the test's internal consistetcy. As can be see in
Table 3. the inter-item correlations were moderate to stro g (.397 to .819). The factor analysis
results are shown in Table 4.

Table 3. Mental Aotation Test: Inter-Item Correlation Matrix

Stimulus
condition Sam 0 Sm 60 Sam 120 Sme 160 Mirror 0 Mirror 0 Mirror 120 Mirror 16o
Same 0 1.000
Same 60 .708 1.000
Same 120 .663 .635 1.000
Sane 10 .580 .587 .654 1.000
Mirror 0 .507 .497 .509 .397 1.000
Mirror 60 .498 .492 .576 .514 .489 1.000
Mirror 120 .633 .633 .713 .637 .563 .725 1.000
Mirror 180 .482 .643 .782 .635 .571 .680 J19 1.000

Note. N a 1.939.

4



Table 4. Nhutal Rotation Test: Smuy Of Facter AeAlysis

Variable comality leIn•
Sam 0 .6116 .7820
S4e 60 .359 .7651
Same 120 .GU .062
Same 160 .6331 .7302
MIrror 0 .3943 .6311
Mirror 60 .5235 .7236
Mirror 120 .7786 .6836
Mrror 160 .7914 .1169

Factor Eltenvalee S of ENu141oad variance
1 5.27 100.0

Note. N * 1,939.

The factor analysis yielded one principal factor which accounted for 65.9% of the total
variance. This was Interpreted as adoltional evidence that for these subjects, angle of rotation
and type of judgment were not related significantly to performance on this task. Because the
stimulus conditions were not related to reaction tima, the response times were reduced to a
single score for each subject. A regression model consisting of mean response tim, standard
deviation of response time, and percent correct was used to predict flight training performance.
These measures were chosen to reflect three Important characteristics of spatial ability: speed,
consistency, and accuracy of spatial transformation.

inferential Measures. As was stated previously, the current selection procedure for pilot
candidates relies heavily on the AFOQT-pilot composite score. A series of regression analyses
was performed using AFOOT-pilot composite score alone to predict flight training performance, to
provide a baseline by which to judge the predictive utility of scores on the Mental Rotation Test.

As can be seen in Table 5, the AFOQT-pilot composite score showed a significant but
relatively low relationship with both UPT final outcome (r a .120, y .1 .05) and ATRI rating (r a
.140, y < .05) but was not related consistently to check flight performance. Subjects with
higher AFOQT-pilot composite scores were more likely to pass training and receive a FAR
recommendati on.

As can be seen In Table 6, the Mental Rotation model was not related to UPT final outcome
(multiple R - .060, n.s.) but was related significantly to ATRS rating (multiple R a .225,

y <.0O1). Subjects who made quick, consistent and accurate responses on the Mental Rotation
Test were more likely to be recommended for advanced training with FM aircraft. This result is
cowrAtible with the current practice of the ATM which is to recomend the best-performing pilot
candidates for the FAR track. Zero-order correlations between variables in the Mental Rotation
model and the UPT outcome criteria were tested for significance only if the multiple correlation
for the model was significant.

The Mental Rotation model was not related consistently to performance on the check flights.
The strongest relationships occurred on the T-37 Instrument check fligýIt grade (multiple R
.219. p < .10) and percentage score (multiple R - .313, j .01). the T-37 Mid-Phase Contact
percentage score (multiple Rf .230. p C .10), and the T-38 Formation percentage score (multiple
R - .244,y.<.10).



Tabl* 5. .MOqT-Pilot Crposlte Score: Swmry at UFT wa1estom Aaalys"

Outcome measure AFOQT-PIot
Outcome mosm N Maim So Mean So r

UPT (pass/fail) 526 0.78 0.41 72.1 18.0 .120*

ATR8 (TTB/FAR) 412 0.60 0.49 73.2 17.5 .140*

T-37 midphase contact grade 133 2.50 '!.20 70.6 19.5 .127
T-37 contact grade 132 2.95 0.94 70.8 19.4 .129

T-37 instrument grade 130 2.95 0.98 71.1 19.2 .201*

T-38 contact grade 120 2.55 1.19 71.5 19.5 .061

T-38 instrument grade 118 2.86 1.11 71.5 19.6 .0be

T-38 formation grade 116 2.83 1.01 71.7 19.7 .157

T-37 midphase contact percentage 133 84.58 9.16 70.6 19.5 .124

T-37 contact percentage 132 91.09 5.48 70.8 19.4 .175*

T-37 instr"Zan percentage 130 91.76 7.18 71.1 19.2 .148

T-28 contact percentage 120 91.30 8.18 71.5 19.5 .140

T-38 instrumeft percentage 118 92.29 10.79 71.5 19.6 .012

T-38 formation percentag 116 92.47 6.50 71.7 19.7 .146

<p _< .0s.

Table 6. Mual Rotation Test: Suiary of IPT Regressiom Analyses

(AFOQT-Pi lot
and mental

Correlation with outcome ental AFOQT- rotation)

Outcome Measure N Moas RT SO AT S Correct rotation pilot coined model
UPT(pass/fal1) 526 -. 034 -. 040 -. 043 .060 .120- .136*

ATRB1;'T/FAR) 412 -. 171, -. 132 .149* .225* .140- .240*

T-37 oidphase contact grade 133 -. 114 -. 025 .119 .191 .127 .212
T-37 contact grade 132 .023 -. 002 .141 .142 .129 .181

T-37 instrument grade 130 -0137 -. 215 -. 008 .219 .201* .288*
T-38 contact grade 120 -. 117 -. 168 -. 093 .191 .061 .1M7

T-38 instrument grade 118 -. 165 -. 139 -. 090 .178 .088 .192

T-38 formation grade 116 -. 150 -. 134 .005 .161 .157 .206

T-37 midphase contact percent 133 -. 147 -. 071 .140 .230 .124 .244

T-37 contact percentage 132 .047 -. 012 .185 .785 .175" .242

T-37 instrument percentage 130 -. 207 -. 300* -. 090 .313" .148 .341,

T-38 contact percentage 120 -. 077 -. 103 -. 052 .115 .140 .178

T-38 instrument percentage 118 -. 085 -. 085 -. 060 .104 .012 .104

T-38 formation percentaj5 116 -.088 -. 022 .182 .244 .146 .266
•p_ _< .05.-

These results were co.iIstent with those from a previous analysis of three simple

cognitive/perceptual tests crom the BAT (Carretta, 1987). Performance on those tests also was

related most closely to ATRO ratitig and T-37 Instrument check flight performance. The relation

among the Mental Rotation Test, the other three cognitive tests, and the T-37 Instrument check %

flight performance was not surprising, as the Instrument check flight reflected the pilot's

ability to perform maneuvers by reference to the display on cockpit instruments. Performance on

the BAT tests was also somewhat dependent on the subject's ability to respoud to visually

displayed images on 4 CRT.

6
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A Combined Mmdcl

A series of analyses was performed to determine whether scores from the Mental Rotation Test
were able to improve the prediction of flight training performance beyond that provided bs the
AFOQT.pilot composite score alone. As shown in Table 6, a combined model that included
AFOQT-pilot composite score, mean response time, standard deviation of response time, and percent
correct was related significantly to both UPT outcome (multiple R - .136, Y _< .05) and ATRB
rating (multiple R - .246, y <.0001). Compared to the AFOQT-pilot composite score alone, the
combined model was not related more closely to UPT outcome (F (3,521) - 0.72, n.s.), but was
related significantly better to the ATRS rating (F (3,407) - 5.91, y S .01).

The combined model was related significantly to the T-37 Instrument grade (multiple R a .288,
p< .05) and T-37 Instrument percentage score (multiple R a .341, p .05). Compared to the
AFOQT-pilot composite score alone, the combined model was not related more closely to T-37
Instrument grade (F (3,125) - 1.93, n.s.), but was related significantly better to T-37
Instrument percentage score (F (3.125) - 4.45, y <.01). as shown in the last column of Table 6.

The results suggested that spatial ability scores may not be useful as selection criteria for
entry into pilot trai•ting. However, once pilot candidates have been selected for trait:nn,
spatial ability scores may be useful for early classification of pilot candidates into

specialized training tracks (Specialized Undergraduate Pilot Training or SUPT).

lbh Air Force plans to transition to SUPT in 1991 as its primary method of training pilots.
The goal of SUPT is to move the ATRB decision forward so that it occurs before T-38 training.
Students could then be trained on mission-spocific (FAR or TTB) skills prior to graduation. If
this can be done without increasing attrition during advanced training, the cost of training will
be reduced as TTB candidates would not need to "o through T-38 training. Early classification
also would be useful in situations where only TTB- or FAR-rated candidates are needed (Euro-Nato
Joint Jet Pilot Training or ENJJPT; Ait National Guard).

IV. CONCLUSIONS

Contrary to the findings of Shepard and his colleagues, response time on the Mental Rotation
Test was not a linear function of angular difference of rotation and was not affected by the type
of image presented.

Scores on the Mental Rotation Test were not found useful for predicting successful completion
of UPT, but were shown to be related to a post-UPT advanced training recommendation. It appears
that spatial ibility becomes more important in the later stages of training, when pilot
candidates are being classified into either a TT5 or FAR track. If performance on the Mental
Rotation Test was used to mke an advanced training decision at an earlier stage, without
increasing attrition during advanced training, training costs could be reduced in that T-38
training would not be necessary for TTB-rated candidates. Also, programs that require only TTB-
or FAR-rated pilots, such as ENJJPT or Air National Guard, would benefit by an earlier track
recommendation.
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